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I. INTSODUCTION 

The r e l a t i o n s h i p  beA,vzeGn t h e  s i n g l e  p a l  t i c l e  r e s o n a n c e  of 

s h e l l  model p o t e n t i a l  and r e s o n a n c e s  a s s o c i a t e d  w i t h  p a r t i c l e  

h o l e  s t a t e s  i s  extl-ercelir c i a c i a 1  t o  a c o n s i s t e n t ,  i n d e e d  a 

c o r r e c t ,  c a l c u l a t i o n  of a r.uclea-r r e a c t i o n  c r o s s  s e c t i o n .  

In f a c t ,  a c o n s i d e r a b l e  amount of i n s i g h t  i n t o  %he c o r r e c t n e s s  

o r  t h e  u s e f u l n e s s  o f  a p a r t i c u l a r  f o r r u l a t i o n  of r e a c t i o n  

t h e o r y  c a n  be g a i n e d  fron? t h e  way i n  which  s i n 3 l e  p a - t i c l e  

r e s o n a n c e s  a r e  h a n d l e d ,  p a r t i c u l a r l y  when t h e y  O C C ~ . I T  n e a r  

t h r e s h o l d s .  A r e s o n a n c e  a s s o c i a t e d  w i t h  any non-ze ro  val1:e 

of a r lqu la r  momenturr becotres i n c r e a s i n 7 l y  n a r r c w  i f  t h e  i e s c -  

n a n c e  e n e r g y  i s  d e c r e a s e d .  Not o n l y  d o e s  t h e  rescInance t h e n  

become more d i f f i c u l t  e x p e r i r r e n t a l l y  t o  d i s t i n g u i s h  frorr a 

'I cc rpound  n u c l e a r  r e s o n a n c e " ,  b u t  a p p r e c i a b l e  c o n f i g u r a t i o n  

m i r i n g  w i t h  d i s c r e t e  s h e l l  r o d e l  s t a t e s  may n a k e  t h i s  d i s -  

t i n c t i o n  l e s s  m e a n i n g f u l .  The s i n g l e  p a r t i c l e  i e s c n a n c e  i s  

p a r c e l e d  o u t  amonq rrcre corrplex l e v e l s  (e .  9. t w p - p a r t i c l e s ,  

! o n e - h o l e  s t a t e s )  i n  p T e c i s e l y  t h e  manner d i s c u s s e d  by Lane ,  

Thomas, and iiligner 1) . de s h a l l  l e a r n  f-om o'ii- a n a l y s i s  c f  

a l o w - l y i n q  r e s o n a n c e  t h a t  i n  t h i s  s i t u a t i o n  t h e  I 1  dcc-way 

s t a t e ' '  i s  a s i n g l e  p a r t i c l e  s t a t e ,  o r  o n e  q u a s i p a r t i c l e  s t a t e .  

The c o n s i d e r a t i o n s  of t h i s  p a p e r  a r e  b a s e d  on t h e E h e l l  

wodel  r e a c t i o n  t h e o r y  o u t l i n e d  i n  e a r l i e r  p a p e r s 2 ' ,  and t h e  

r e s u l t s  of a s p e c i f i c  G a l c u l a t i o n  w i l l  be  p r e s e n t e d  f o r  t h e  
16 d3I2  r e sona r t ce  i n  t h e  e l a s t i c  s c a t t e r i n g  o f  neu tTons  on 0 

F o r  t h e  p u r p o s e  o f  t e s t i n g  a r e a c t i o n  t h e o r y  t h e  s i t u a t i o n  

-I 

. 

which  o b t a i n s  i n  t h e  n u c l e i  w i t h  A = 15,10, and 17  i s  n e a r l y  
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i d e a l  and t h i s  p a p e r  i s  p r e l i m i n a r y  t o  a more e x t e n s i v e  s u r -  

v e y  of  t h e  r e a c t i o n s  i n v o l v i n g  t h e s e  n u c l e i .  
16 r e s o n a n c e  obse rved  i n  0 ( n , n ) 0 1 6  o c c u r s  The d3/2 

a t  0.934 MeV w i t h  a w i d t h  of o n l y  90 keV. T h i s  w i d t h  i s  

a p p r o x i m a t e l y  what  one s h o u l d  e x p e c t  f o r  a d-wave r e s o n a n c e  

p roduced  by t h e  a v e r a g e  H a r t r e e  f i e l d  i n  t h i s  n u c l e u s .  A 

c o r r e s p o n d i n g  r e s o n a n c e  a l s o  o c c u r s  i n  p r o t o n  s c a t t e r i n g  

on 0 . S i n c e  t h e s e  r e s o n a n c e s  a r i s e  f rom t h e  a v e r a g e  po- 16 

t e n t i a l  g e n e r a t e d  by 0l6, w e  s h o u l d  a l s o  e x p e c t  t o  f i n d  d3I2 

r e s o n a n c e s  i n  t h e  n u c l e o n  s c a t t e r i n g  on 015 and N 1 5 .  I n  t h e  

s i m p l e s t  s h e l l  model t hese  n u c l e i  a r e  d e s c r i b e d  a s  b e l o n g i n g  

t o  t h e  c o n f i g u r a t i o n  1p1/2 

O v e r l o o k i n g  t h e  d i s t i n c t i o n  between bound and continuurr.  s t a t e s  

-1 , a h o l e  i n  t h e  1p1/2 s h e l l .  

f o r  t h e  moment, w e  c o u l d  d e s c r i b e  t h e  r e s o n a n c e  o b s e r v e d  i n  

n u c l e o n  s c a t t e r i n g  on N I 5  and 015 a s  It b e l o n g i n g  t o  t h e  con-  

d3/2('. S i m i l a r l y  i f  e l a s t i c  s c a t t e r i n g  -1 
1/2 f i g u r a t i o n  p 

c o u l d  be pe r fo rmed  on  Q15 and N 1 5  i n  t h e i r  f i r s t  e x c i t e d  s t a t e  

(p3/*-' i n  t h e  s h e l l  m o d e l ) ,  r e s o n a n c e s  would b e  o b s e r v e d  which  

c o u l d  be d e s c r i b e d  a s  " b e l o n g i n g  t o  1 p 3 i 2  -1 j3/21) 
Now a c t u a l l y  a c e n t r a l  p o t e n t i a l  c a n  c n l y  d e s c r i b e  n u c l e o n  

s c a t t e r i n g  i n  t h e  l o w e s t  a p p r o x i m a t i o n ,  and t h e r e f o r e  e v e n  t h e  

d3/2 and p3 j2  d3 i2  a r e  n o t  e i g e n s t a t e s  con t inuum s t a t e s  p 

of t h e  c o m p l e t e  H a m i l t o n i a n  w i t h  a r e a l  two-body i n t e r a c t i o n .  A 

d i a g o n a l i z a t i o n  o f  t h e  f u l l  H a m i l t o n i a n  u s i n g  j u s t  t h e s e  con-  

t inuum s t a t e s  w i l l  y i e l d  e i g e n s t a t e s  which  a r e  a l i n e a r  s u p e r -  

p o s i t i o n  of t h e s e  two c o n f i g u r a t i o n s .  Such a c a l c u l a t i o n  i s  

-1 -1 
112 
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e q u i v a l e n t  t o  f i n d i n g  t h e  i n e l a s t i c  s c a t t e r i n g  which  i s  p r o -  

duced  by t h e  two-body i n t e r a c t i o n  by a d i r e c t  i n t e r a c t i o n .  

The c a l c u l a t i o n  of the n u c l e o n  s c a t t e r i n g  i s  f u r t h e r  

c o m p l i c a t e d ,  however ,  by the f a c t  t h a t  d i s c r e t e  bound s t a t e s  

b e l o n g i n g  t o  t h e  c o n f i g u r a t i o n s  p112 -1 d512, p312 -1 d512, 
-1 r "s112, and p3/2 -1 c ds112 a l s o  i n t e r a c t  s t r o n g l y  w i t h  

P1/'2 
t h e  r e s o n a n t  cont inuum s t a t e s  (which  h a v e  l a r g e  a m p l i t u d e s  

o v e r  t h e  n u c l e a r  vo lume) .  I n  t h e  s h e l l  model c a l c u l a t i o n s  

of  t h e  bound and t h e  " r e s o n a n t  s t a t e s "  of 0 16 a d3/2 s t a t e  

i s  i n c l u d e d  among t h e  p a r t i c l e  s t a t e s  f rom which  t h e  p a r t i c l e -  

h o l e  s t a t e s  a r e  c o n s t r u c t e d ,  S i n c e  a bound d3/2 s t a t e  d o e s  

n o t  a c t u a l l y  e x i s t  i n  017, i t  i s  c l e a r  t h a t  s u c h  a s t a t e  i s  

a c t u a l l y  a r e p r e s e n t a t i v e  o f  t h e  d3/* s i n g l e  p a r t i c l e  r e s o -  

nance .  The c o n v e n t i o n a l  she l l  model d i a g o n a l i z a t i o n  c a n  t h e n  

be  viewed i n  same s e n s e  a s  an  a p p r o x i m a t e  d i a g o n a l i z a t i o n  of  

t h e  f u l l  H a m i l t o n i a n  on t h e  d i s c r e t e  s h e l l  model s t a t e s  and 

on c e r t a i n  r e s o n a n t  cont inuum s t a t e s  3) . 
T h i s  d e s c r i p t i o n  of t h e  r o l e  of  r e s o n a n t  con t inuum s t a t e s  

i s  a c c u r a t e ,  b u t  i t  d o e s  no t  r e a d i l y  l e n d  i t s e l f  t o  a n  a c -  

c u r a t e  c a l c u l a t i o n  of  t h e  d e t a i l e d  s h a p e  o f  r e s o n a n c e s ,  p a r -  

t i c u l a r l y  when two o r  more r e s o n a n c e s  o v e r l a p .  T h e r e f o r e  w e  

s h a l l  d e v e l o p  a n o t h e r  f o r m u l a t i o n  which  d o e s  p r o v i d e  a b a s i s  

f o r  such  a n a l y s e s .  The m o t i v a t i o n  for t h e  deve lopmen t  of  t h e  

n e x t  s e c t i o n  i s  p r o v i d e d  by t h e  o b s e r v a t i o n  t h a t  a s l i g h t l y  

d e e p e r  d3/2 p o t e n t i a l  would p r o v i d e  a bound d3 /2  s t a t e .  

s t a t e  would t h e n  g i v e  d i s c r e t e  s t a t e s  of  t h e  c o n f i g u r a t i o n s  

T h i s  

d312. The i n t e r a c t i o n  of  t h e s e  s t a t e s  -1 -1 
p1/2 d3/2 and p3/2 
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would  t h e n  e a s i l y  be f o u n d  by d i a g o n a l i z i n g  t h e  H a m i l t o n i a n  

on t h i s  d i s c r e t e  set .  Ne s h a l l  now p r o c e e d  t o  show how t o  

remedy t h e  f a i l u r e  of n a t u r e  t c  p r e s e n t  u s  w i t h  t h i s  s i n p l e r  

s i t u a t i o n .  

11. RESONANCE THEORY OF SINGLE PARTICLE SCATTERING 

We a p p l y  t h e  fo rma l i sm of  t h e  s h e l l  model r e a c t i o n  

t h e o r y 2 )  t o  t h e  a n a l y s i s  of l o w  e n e r g y  s i n g l e  p a r t i c l e  r e s o -  

nance .  L e t U  be a c e n t r a l  p c t e n t i a l  which  d e s c r i b e s  t h e  

e l a s t i c  s c a t t e r i n g  and which t h e r e f o r e  f i t s  t h e  r e s o n a n c e .  

F o r  t h e  p u r p o s e  of t h e  s u b s e q u e n t  a n a l y s i s  we r e g a r d  t h e  

c r o s s  s e c t i o n  g i v e n  by U a s  e x a c t .  The T -  r r a t r i x  e l e n e n t  i s  

+ 
w h e r e  %' i s  a p l a n e  wave o f  mementum 2' and xc 
e x a c t  s c a t t e r i n g  wave f u n c t i o n  f o r  t h e  p o t e n t i a l  U w i t h  o u t -  

g o i n g  s c a t t e r e d  waves a t  i n f i n i t y .  

i s  t h e  

A 
I n t r o d u c e  now t h e  p o t e n t i a l  U which i s  s u f f i c i e n t l y  

d e e p e r  t h a n  U t o  p o s s e s s  a bound s i n g l e  p a r t i c l e  s t a t e  o f  t h e  

same quantum n u r b e r s  a s  t h e  s h a r p  r e s o n a n c e  z f  U . The e n e r g y  

of  t h i s  s t a t e  w i l l  be  d e n c t e d  by E d ( =  - E B ,  t h e  b i n d i n g  e n e r g y ) .  

L e t  H = K + U be t h e  "model H a m i l t o n i a n " ,  and use t h e  s c a t t e r i n g  

s t a t e s  Xk+ cf H t o  c a l c u l a t e  T ( k ' ,  k ) .  

A A 

+ +  A A 

Using  t h e  e q u a t i o n  
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where  
A 

A Z U - U ,  

w e  c a n  o b t a i n  by o p e r a t o r  a l g e b r a  4 )  

The " r e d u c e d  t r a n s i t i o n  o p e r a t o r " 4 - i s  g i v e n  by t h e  e q u a t i o n ,  

A r= A + A (E+- H ) - ' Z .  (41 

T h i s  e q u a t i o n  i s  t h e  s t a r t i n g  p o i n t  f o r  o u r  d e v e l o p m e n t  of  

a r e s o n a n c e  t h e o r y  o f  s i n g l e  p a r t i c l e  s c a t t e r i n g .  
A 

S i n c e  t h e  p o t e n t i a l  U w i l l  n o t  h a v e  a r e s o n a n c e  a t  l o w  

e n e r g y , X i s  t h e  q u a n t i t y  which i n t r o d u c e s  a r e s o n a n c e  i n t o  

t h e  s c a t t e r i n g  a m p l i t u d e .  T h i s  r e s o n a n c e  c a n  be  e x h i b i t e d  

e x p l i c i t l y  by s e p a r a t i n g s i n t o  a n o n - r e s o n a n t  " e f f e c t i v e  

i n t e r a c t i o n ' z a n d  a r e s o n a n t  term of t h e  Ereit-Wigner form. 

T h e s i s  d e f i n e d  by t h e  eq lJa t ion  

4 

A 

4 A 4 

/= A + A ( E +  - H ) ' l  P C r  ( 5 )  

where  P, p r o j e c t s  on t h e  cont inuum s t a t e s  of H. 

and  ( 5 )  it f o l l o w s  t h a t  

From Eqs.(4) 

where  Pd p r o j e c t s  on t h e  d i s c r e t e  bound s t a t e  of  H wh ich  

c o r r e s p o n d s  t o  t h e  n a r r o w  r e s o n a n c e  of H. The T - m a t r i x  

a m p l i t u d e  i s  t h e n  g i v e n  by 
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The d e n o m i n a t o r  of t h e  r e s o n a n c e  term i s  d e f i n e d  by 

w i t h  S b e i n g  c a l l e d  t h e  l e v e l  s h i f t  and rd b e i n g  t h e  l e v e l  

w i d t h  of  t h e  s t a t e .  

e n e r g y  o f  t h e  i n c i d e n t  nuc leon ,  b u t  a t  r e s o n a n c e  Ed + S(Eq)=ER, 

t h e  r e s o n a n c e  e n e r g y ,  and r d ( E R )  i s  t h e  w i d t h  of t h e  s i n g l e  

Both S and r d  a r e  d e p e n d e n t  upon t h e  

p a r t i c l e  r e s o n a n c e .  

The e f f e c t i v e  i n t e r a c t i o n ,  which d e t e r m i n e s  t h e  r e s o n a n c e  

e n e r g y  and w i d t h  t h r o u g h  Eq. ( 9 ) ,  i s  i t s e l f  n o n - r e s o n a n t .  I n  

a l o w e s t  a p p r o x i n a t i o n z i s  j u s t  e q u a l  t o  A ,  t h e  p e r t u r b a t i o n  

wh ich  p u s h e s  t h e  bound s t a t e  o f  H i n t o  t h e  cont inuum and m i x e s  

i t  w i t h  t h e  cont inuum l e v e l s  o f  H. The d e v i a t i o n  o f d f r o m  A 

4 

5 

a r i s e s  f rom v i r t u a l  t r a n s i t i o n s  i n t o  cont inuurr  s t a t e s  w i t h  a 

c o n s e q u e n t  m o d i f i c a t i o n  of  t h e  p e r t u r b i n g  i n t e r a c t i o n .  The 

o p t i c a l  t heo rem f o r  4- 
4 

l e a d s  t o  t h e  f a m i l i a r  e x p r e s s i o n  for r d  

A s  s h o u l d  be  a n t i c i p a t e d  f rom t h i s  view of  m a t t e r s ,  t h e r e  

i s  a s i m p l e  r e l a t i o n  between S and rd. 

by w r i t i n g  t h e  e x p l i c i t  e q u a t i o n  f o r d -  

T h i s  i s  e a s i l y  f o u n d  
4 

F i n d t h e  s t a t e s  *+(E) which  d i a g o n a l i z e  PcH P c ,  i . e .  
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and u s e  t h e s e  t o  deduce  from Eq. ( 8 )  

= 2 l r  (13) 

The second  of t h e s e  two e q u a t i o n s  l e a d s  t o  a n  e x t r e m e l y  s i m p l e  

way of c a l c u l a t i n g  t h e  ene rgy  d e p e n d e n t  l e v e l  s h i f t  t o  second  

o r d e r  i n  A .  

111. WME91CAL EXANiPLE 

T h i s  a p p r o a c h  was u s e d  t o  d e s c r i b e  t h e  d3/2 r e s o n a n c e  

a t  0.934 MeV i n  e l a s t i c  n e u t r o n  s c a t t e r i n g  0 16 . 
U was c h o s e n  t o  be  a s q u a r e  w e l l  whose d e p t h  and r a d i u s  were 

c h o s e n  t o  f i t  t h e  r e s o n a n c e  e n e r g y  and t h e  w i d t h  a t  h a l f  max- 
4 

imun: r e s p e c t i v e l y .  The w e l l  U was a l s o  c h o s e n  a s  a s q u a r e  

w e l l ,  and w i t h  t h e  same r a d i u s  a s  U. The d e p t h  of  U ,  however ,  

For  s i m p l i c i t y  

4 

was chosen  t o  g i v e  a bound s t a t e  whose e n e r g y  was v a r i e d  f rom 

Ed = 0 t o  Ed = - 10 MeV a s  a check  on t h e  s e n s i t i v i t y  o f  t h e  

c a l c u l a t i o n  t o  t h e  c h o i c e  of Ed. 

v e r y  i n s e n s i t i v e  t o  t h i s  q u a n t i t y  and w e  q u o t e  o n l y  t h e  r e s u l t s  

f o r  t h e  c a l c u l a t i o n  w i t h  Ed = - 0.1 MeV. 

The r e s u l t s  were found  t o  be  

n 
A f t e l  d e t e r m i n i n q  U and U,  w e  f i r s t  c a l c u l a t e d  t h e  

r e s o n a n c e  e n e r g y  ER = Ed +S and ? ( E 3 )  i n  t h e  l o w e s t  a p p r o x i -  
n I _  , 

r a t i o n  f o r  J= A .  

Eq = 1.009 MeV and  w i d t h  a t  r e s o n a n c e  was a p p r o x i m a t e l y  

109 keV. 

The r e s o n a n c e  e n e r g y  Eq " I  was f o u n d  t o  be  

S i n c e  r d  ( l ) ( E )  i s  a f u n c t i o n  of  e n e r g y  f rom which  t h e  
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s e c o n d  o r d e r  c o r r e c t i o n  t o  t h e  l e v e l  s h i f t  i s  c a l c u l a t e d ,  i t s  

d e p e n d e n c e  on E was c a l c u l a t e d  f o r  t h e  r a n g e  OgE(50 MeV and  

i s  shown i n  F i g .  (2 ) .  

The e n e r g y  s h i f t  was t h e n  c a l c u l a t e d  t o  second  o r d e r  

u s i n g  t h e  e q u a t i o n  

E-E' 

S i n c e  t h e  second  o r d e r  c o r r e c t i o n  g i v e n  by t h e  l a s t  term o f  

t h i s  e q u a t i o n  i s  a f u n c t i o n  o f  e n e r g y ,  w e  p l o t  it i n  F i g .  (3). 

N o t i c e  t h a t  i t  i s  v e r y  s m a l l  and i s  smoo th ly  v a r y i n g  t h r o u g h  

t h e  r e s o n a n c e  r e g i o n  a round  1 MeV. The dependence  of S ( 2 )  
( 2 )  on  t h e  e n e r g y ,  however ,  means t h a t  t h e  r e s o n a n c e  e n e r g y  ER 

mus t  be f o u n d  by s o l v i n g  t h e  e q u a t i o n  

The r e s o n a n c e  e n e r g y  i s  found t o  be E? ( 2 )  = 0.937 MeV. W i t h i n  

t h e  a c c u r a c y  of  o u r  c a l c u l a t i o n  t h i s  i s  t h e  e x a c t  r e s o n a n c e  

e n e r g y .  

The w i d t h  i s  much more d i f f i c u l t  t o  c a l c u l a t e  t o  s e c o n d  

o r d e r  i n  A. T h e r e f o r e  we a d o ? t e d  a n o t h e r  method of  e s t i m a t i n g  

t h e  e f f e c t  upon r d  of  t h e  second  o r d e r  c o r r e c t i o n  t o r .  Make 

t h e  a p p r o x i m a t i o n  

4 

4 

& ? =  e n 
where  0 i s  a c o n s t a n t  whose m a g n i t u d e  i s  f i x e d  by t h e  e x a c t  

r e s o n a n c e  e n e r g y .  
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8.  

The w i d t h  i s  t h e n  c a l c u l a t e d  w i t h  t h i s  a p p r o x i m a t i o n  t o  

and  i s  f o u n d  t o  be  90 keV a t  r e s o n a n c e .  
h L 

The s c a t t e r i n g  c r o s s  s e c t i o n  i s  p r o p o r t i o n a l  t o  s i n  h3/2. 

A s  a f u r t h e r  check  on t h e  i n t e r m e d i a t e  s t a t e  r e p r e s e n t a t i o n  

o f  t h e  r e s o n a n c e  c r o s s  s e c t i o n ,  t h e  q u a n t i t y  ~ i n ~ b ~ / ~  was 

c a l c u l a t e d  f rom Eq. 

Td(E)=2TT/<d1 e A f i + > I 2 p ( E )  f o r  a l l  e n e r g i e s .  The r e s u l t  

a g r e e d  w i t h  t h e  e x a c t  c a l c u l a t i o n  of  s i n  h 3 l 2  t o  b e t t e r  t h a n  

1% e x c e p t  w h e r e  t h e  c r o s s  s e c t i o n  was s m a l l  o r  r a p i d l y  v a r y i n g .  

Maximum e r r o r s  o f  3% a t  such  p l a c e s  a r e  o b v i o u s l y  a c o n s e q u e n c e  

( 7 )  u s i n g  Ed + S = 0.934 MeV and  

2 

o f  t h e  c r u d e  a p p r o x i m a t i o n s  u s e d  i n  e v a l u a t i n g  t h e  r e s o n a n c e  

a m p l i t u d e .  

IV. SUMMARY 

The' s 2 g n i f i c a n c e  of our  work i s  t h a t  w e  h a v e  shown t h a t  

n a r r o w ,  s i n g l e - p a r t i c l e  r e s o n a n c e s  a r e  e a s i l y  t r e a t e d  by i n -  

t r o d u c i n g  a bound s t a t e  which p l a y s  t h e  r o l e  of a n  i n t e r m e d i a t e  

s t a t e  i n  a B r e i t - N i g n e r  r e s o n a n c e  a m p l i t u d e .  The r e s o n a n c e  

e n e r g y  and  t h e  w i d t h  of t h e  s t a t e  a r e  d e t e r m i n e d  by a one -  

body e f f e c t i v e  i n t e r a c t i o n  which  i s  n o n - r e s o n a n t .  F h i s  means 
16 L 

t h a t  t h e  d3/2 r e s o n a n c e  o b s e r v e d  i n  n u c l e o n  s c a t t e r i n g  on 0 

c a n  be i n c o r p o r a t e d  i n t o  t h e  s h e l l  model by i n t r o d u c i n g  a d312 

bound s t a t e ,  wh ich  i s  t h e n  t r e a t e d  on t h e  same f o o t i n g  a s  t h e  

o t h e r  bound s i n g l e - p a r t i c l e  s t a t e s .  

c a n  be combined w i t h  t h e  1p3l2-l h o l e  s t a t e s  i n  t h e  same way a s  

I n  OI6 t h i s  d312 s t a t e  
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a r e  t h e  l d 5 j 2  and 2s1/2 bound s t a t e s .  

o n a l i z a t i o n  which i s  t o  be c a r r i e d  o u t  w i t h  a p a r t i c l e - h o l e  

i n t e r a c t i o n  w i l l  t h e n  i n c l u d e  i n  a r e l a t i v e l y  s i r r p l e  way t h e  

e f f e c t  o f  c o n f i g u r a t i o n  i n t e r a c t i o n  between a l l  t h e  r e s o n a n t  

cont inuun:  s t a t e s  ( a s s o c i a t e d  w i t h  t h e  d3 i2  s i n g l e - p a r t i c l e  

r e s o n a n c e )  and t h e  bound s t a t e s .  

The s h e l l  model d i a g -  

The o n l y  e s s e n t i a l  m o d i f i c a t i o n  r e q u i r e d  of  t h e  p a r t i c l e -  

h o l e  t r e a t m e n t  o f  d6 i s  t h e  a d d i t i o n  of  t h e  one-body i n t e r -  

a c t i o n  i n  t h e  ld3/* s t a t e .  

which l e a d s  t o  t h e  r e s o n a n t  e n e r g i e s  and t h e  compound s t a t e s  

t h e  c n l y  e f f e c t  o f  t h i s  a d d i t i o n a l  i n t e r a c t i o n  i s  t o  ' ' r e s t o r e "  

I n  t h e  s h e l l  model d i a g o n a l i z a t i o n  

s i n g l e  p a r t i c l e  e n e r g y  t o  t h e  p o s i t i o n  of t h e  r e s o -  the d3/2 
n a n c e  o b s e r v e d  i n  9 . T h e  s h e l l  model c a l c u l a t i o n  i s  t h e n  17 

o f  same fo rm a s  t h a t  of E l l i o t  and F l o w e r Z ' G .  E. Brown 6 )  and 

o t h e r s .  7 )  

I n  t h e  c a l c u l a t i o n  of p a r t i c l e  w i d t h s  f o r  t h e  s t a t e s  of 

OI6 t h e  one-body i n t e r a c t i o n  i n  t h e  d3,2 s t a t e  i s  a d i r e c t  

consequence  of  t h e  f a c t  t h a t  t h i s  s t a t e  i s  n o t  bound. Con- 

s e q u e n t l y ,  even  i n  t h e  a b s e n c e  o f  a p a r t i c l e - h o l e  i n t e r a c t i o n  

t h e  24 .3  Me'J 

would decay .  

compound s t a t e s  i s  p r o p e r l y  i n c l u d e d  by t h e  p r o c e d u r e  o f  t h i s  

16 -1 
d3/2 s t a t e  o f  0 

T h i s  c o n t r i b u t i o n  t o  t h e  p a r t i c l e  w i d t h  o f  t h e  

, which  b e l o n g s  m o s t l y  t o  p 3 ~ 2  

p a p e r .  

F i n a l l y ,  we w i s h  t o  p o i n t  o u t  t h a t  t h e  d312 i n t e r m e d i a t e  

s t a t e  i n t r o d u c e d  t o  d e s c r i b e  t h e  s c a t t e r i n g  r e s o n a n c e  i n  0 17 

i s  p r o p e r l y  r e g a r d e d  a s  a "doorway s t a t e "  a l t h o u g h  t h i s  v i o l a t e s  

t h e  common c o n c e p t i o n  o f  such  s t a t e s .  Such s t a t e s  a r e  commonly 
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t h o u g h t  o f  a s  b e i n g  s t a t e s  which  d i f f e r  f rom t h e  i n i t i a l  s t a t e  

by t h e  e x c i t a t i o n  of a nuc leon .  I n  c u r r e n t  pa r l ance - - "doorway  

s t a t e s "  d i f f e r  by two-quas i  p a r t i c l e s  f rom t h e  i n i t i a l  s t a t e .  

More p r o p e r l y ,  however ,  a doorway s t a t e  s h o u l d  be  r e g a r d e d  a s  

m e r e l y  a r e s o n a n t  c o n f i g u r a t i o n  which  i s  d i r e c t l y  c o u p l e d  t o  

t h e  i n c i d e n t  c h a n n e l  and  a l s o  t o  more complex e x c i t a t i o n s  of  

t h e  compound sys tem.  The d3/* s t a t e  c l e a r l y  meets t h i s  c r i t e r i o n .  

The a p p l i c a t i o n  of  t h i s  f o r m a l i s m  t o  a c o m p l e t e  a n a l y s i s  

of  t h e  s t a t e s  of  OI6 i s  b e i n g  c a r r i e d  o u t  and w i l l  be  r e p o r t e d  

i n  a n o t h e r  p a p e r .  
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Figure Captions 

Figure 1. The potential U provides 

scattering cross section 

as exact .  The potential 

the resonant d312 
which is regarded 

U possesses the 
n 

bound dd2 state whose displacement by the 

perturbation A = U-U gives rise to ths scat- 

tering resonance of U. 

A 

Figure 2. The width function pd (') calculated with 
4 
CJ'= A, 

Figure 3, The second order correct ion to the energy 

of the intermediate state [c.f,Eq. (141'1 

is given as a function of the energy of the 
incident nucleon, 
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